Experiments were conducted in field lysimeters to investigate the effects of high water table positions (created by subirrigation practice) on com growth. Various plant growth parameters (plant dry matter, canopy height, and yield) were measured before, during, and after the excessively wet periods. Two regression models were developed to characterize corn yield production as a function of durations of excessively wet periods and water-table positions. Results indicated that subirrigation practices can improve com growing conditions. Less com yield reduction occurred when water tables were maintained at 15 cm than when water tables were maintained at the soil surface during the six-leaf stage. 
INTRODUCTION

I
n designing agricultural drainage systems, it is important to know the drainage requirements of crops. Excessive soil-water conditions inhibit air exchange between soil and the atmosphere, resulting in oxygen deficiency. This subsequently inhibits both root respiration and total root volume, as well as water and nutrient transport by plant roots. It also facilitates the formation of toxic compounds in soil and plants. The degree of crop susceptibility to damage by excessive soil-water conditions is dependent upon plant species, plant-development stage, soil and air temperatures, and duration of waterlogging. Considerable variation in excess-water tolerance exists between and within plant species (Gilbert and Chamblee, 1965) .
The timing, duration, and amount of soil-water in the root zone during crop growth periods affect final grain yield and the extent of injury to plants. Joshi and Dastane (1966) observed that flooding com at the preflowering stage reduced yields significantly and that the longer the duration of flooding, the greater was the damage. Mukhtar et al. (1990) To design drainage and subirrigation systems, the designer needs to know which crop stages are sensitive to excessive soil-moisture conditions. An optimal moisture level for a crop may cause a nonsignificant yield response to wetness under given climatic and agronomic conditions. A study that focuses on the range of stress levels, from least to critical, during a crop's sensitive growth stages can help determine the optimal soil moisture needs of plants. Additionally, it is important to quantify the adverse effects of high water tables in terms of growth rate and yield. Very few studies have quantified the effects of water table position on crop growth. Therefore, the overall objective of this study was to investigate the response of com to two water-table positions (at the surface and 15 cm below the surface) during the vegetative stage, when com is most sensitive to excess water. Each water-table position was maintained for four different durations. soils. Some of the physical properties of these soils are given in Table 1 . An area 15 m x 40 m was selected for this experiment. Eighteen box-type lysimeters were constructed and installed. Figure 1 shows the topographic map of the site and the layout of the lysimeters.
CONSTRUCTION OF THE LYSIMETERS
Five 6.2 mm-thick PVC plastic sheets (one for each of the four sides of a rectangular box and one for the bottom) were placed together and bolted by using aluminum angle iron to create each of the 24 box-type lysimeters.
Each lysimeter was 229 cm long, 90 cm wide, and 152 cm deep ( fig. 2) . The comers of the lysimeters were treated with silicone sealant to make them waterproof. Ten centimeters from the bottom of the lysimeter, a 7.6-cm hole was made on one side. An aluminum pipe passed through this hole connected the lysimeter and the water sump. A 10-cm diameter and 220-cm long plastic tile drain with a cap at the end was clamped to the aluminum pipe. The outside of the aluminum pipe was coupled with a 5-cm diameter PVC pipe connecting the water sump to the lysimeter ( fig. 2 ). The water sump was a 183-cm long capped PVC pipe 38 cm in diameter. An adjustable float system was installed in the water sump to control the water level.
LYSIMETER INSTALLATION
The soil profile was excavated in 30-cm layers to a depth of about 150 cm by using a grave-digging machine. Each layer of soil was separated by a plastic sheet and a wooden board. Once the excavation was completed, a lysimeter box (without water sump) was placed in the excavated area, and each soil layer was repacked and compacted inside the lysimeter to match the original vertical soil profile. The water sump then was connected to the lysimeter and to the plastic tile drain. The bottom 30 cm of area around the sump was filled with fine concrete, and the rest of the area to the surface was filled with excavated soil. The same procedure was repeated for the installation of all other lysimeters.
INSTRUMENTATION OF THE LYSIMETERS
To determine the actual position of the water table in the lysimeter, a plastic tube (2.54 cm in diameter and 150 cm long) was installed in the center of the lysimeter. A neutron access tube was installed in each of the lysimeters for determining the soil moisture. To measure moisture tension, two tensiometers were installed in each lysimeter at depths of 30 and 60 cm. where WTD is the daily water table depth on day i, and n is the number of days. Water was raised and maintained in the lysimeters by adjusting the float system in the water sump to a desired position. At the end of the water table treatment, or after any major rain event, water was pumped out of the sump. Table 2 gives the details of these treatments. Because the experimental design was a randomized complete block, all nine treatments were applied to each row (block) of lysimeters and repeated.
Before and after the treatment, the water table was maintained at 90 cm in all lysimeters. Surface irrigation was applied when the soil water tension reached more than 45 kPa.
DATA COLLECTION
PLANT MEASUREMENTS
Plant-growth parameters such as canopy height, shoot dry matter, and final grain yield were measured. Watertable treatments started at the sixth-leaf stage on the 36th day after planting. On the day before treatments began, heights of all plants in the lysimeters were measured. Canopy height was measured as the distance from the ground surface to the top flag leaf. At harvest, ears were removed from the plants, and harvested plants were put in separate jute bags. Ears collected from each lysimeter were shelled and passed through a moisture meter in the Grain Laboratory at Iowa State University to determine the moisture content of the grain. Plants were oven-dried at 60°C for shoot dry matter. The additional 
RESULTS
GRAIN YIELD
Grain yield of com was affected by the duration of subirrigation. Figure 3 gives the relationship between the duration of subirrigation and average grain yield per plant. This figure shows that the effect of surface flooding was much more severe than when the water table was 15 cm below the surface. Figure 3 also indicates that grain yield for the control treatment (when water table was kept at 90 cm depth) was significantly greater (at 5% level) than for high water-table treatments. When the water table was maintained at the surface, grain yield decreased significantly (at 5% level) with the increased duration of subirrigation (6 and 12 days of subirrigation) but no significant difference was found between 6 and 9 days of subirrigation duration. When the water table was maintained 15 cm below the surface, grain yield decreased as the subirrigation duration increased fi'om 6 to 18 days, although differences were not statistically significant (at 5% level). Another interesting observation was that the grain yield increased when subirrigation duration was increased from 18 to 24 days maintaining the water Linear regression models between grain yield and subirrigation duration also were developed (Table 3 ). These equations show that at both water-table positions, the average grain yield decreased linearly with increased subirrigation duration. The high R^ value of 0.99 for the surface water-table model explains more than 99% of the variability. The reason for the lower R^ value of 0.47 for the 15-cm-deep water table is a larger variability between subirrigation durations.
SHOOT DRY MATTER
The first response of the com plants to moisture stress was notice in reduced shoot growth. Both water-table positioning had a significant effect on dry matter production, but greater reduction was observed in lysimeters with surface water tables than those with watertables 15 cm below the surface. Figure 4 shows the differences between shoot dry matter with the increase in subirrigation duration for both water-table positions. Shoot dry matter decreased significantly between 3, 6, and 12 days of subirrigation when the water table was at the surface. When the water table was kept at the 15 cm depth, no significant differences were found in shoot dry matter between 6, 12, and 24 days, but significant differences (at 5% level) existed between 6 and 18, and 18 and 24 days of subirrigation. The percentage decrease in shoot dry matter as affected by the water table position, also was calculated. This percentage reduction was greater for the r\'j'|'X''Xl Visual observation indicated marked differences in growth parameters (shoot dry matter and canopy height) between the two water-table positions. Growth was nearly halted under longer periods of maintaining water tables at the surface, which was not true when water tables were 15 cm below the soil surface. Grain yields and dry matter were greater after 24 days of subirrigation than after 18 days of subirrigation maintaining water tables 15 cm below the surface. This unexpected result might be because com is more sensitive to high water tables during the early vegetative period than during the late vegetative period (Kanwar et al., 1988; Mukhtar et al., 1990 ). These results suggest that com yield could be increased in poorly drained soils with proper management of subirrigation practice. Therefore, more studies need to be conducted on crop response to subirrigation practices.
SUMMARY
A study was conducted to determine the effect of subirrigation practices on com growth during the early growth stages. Eighteen lysimeters (229 x 90 x 152 cm) were constructed and installed in the field. Data on canopy height, dry matter weight, and grain yield were collected to compare the differences in crop growth due to excess water-stress levels. This study resulted in the following conclusions:
Both corn yield and plant growth were significantly different (at 5% level) under two water -table   positions (water table 15 cm below the surface and at the surface). The percentage shoot dry-matter loss, due to excessive wetness, after 110 days of planting was less than the percentage shoot dry-matter loss after 60 days of planting. This indicates that corn plants have the ability to survive after the removal of moisture stress. Nonetheless, stress effects were persistent until harvesting time. At harvest, growth parameters (shoot dry matter, canopy height, com yield) showed significant differences (at 5% level) in growth in relation to excess soil-water conditions. Two regression models were developed, one for each water-table position, to characterize grain yield production as a function of subirrigation duration.
